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Procoagulant activity in normal human urine associated with
subcellular particles
ROGER C. WIGGINs, ARTHUR GLATFELTER, BHARATI KSHIRSAGAR, and JORGE BRUKMAN
Department of Internal Medicine, The University of Michigan, Ann Arbor, Michigan, USA
Procoagulant activity in normal human urine associated with
subcellular particles. Procoagulant activity (PCA) in normal human
urine was found to be sedimented by centrifugation at X 100,000g.
Therefore, studies were done to identify the structures associated with
the procoagulant activity. Transmission electron microscopy of the
X 100,000g pellet revealed numerous membrane-bound vesicles as well
as fibrous material. Filtration of normal urine through a 0.2-gm filter
removed more than 90% of the procoagulant activity. Scanning electron
microscopy of the filter surface revealed 0.1 to 1.1 m particles and
fibrous material. By centrifugation at pH 3 and 5 the fibrous material
and particles were separated. The procoagulant activity remained with
the particles in each case. The fibrous material was shown to be
Tamm-Horsfall protein by SDS-PAGE and Western blotting using
anti-Tamm-Horsfall protein serum. Purified Tamm-Horsfall protein
itself was not procoagulant. Therefore, PCA in normal human urine is
associated with particles 0.1 to 1.1 sm in diameter which appear to be
lipid membranes in various arrangements.
For 50 years, urine has been known to contain procoagulant
activity (PCA) [1]. Recent studies have described purification of
PCA from urine and its characterization. Urine PCA is tissue
factor-like. It is reported to be a two-chain molecule consisting
of 76,000 and 68,000 molecular weight chains held together by
disulfide bonds to form a 151,000 molecular weight molecule but
to be present in urine as macroaggregates of greater than 2 x io
daltons [2, 3]. An antibody raised against this purified material
specifically stained the loop of Henle and the distal convoluted
tubule [41. This 151-kilodalton two-chain tissue factor from
urine contrasts with tissue factor purified from bovine brain
which is a single chain 43,000 molecular weight apoprotein [5].
All reports show that lipid is required for tissue factor
procoagulant activity, and, therefore, that urine PCA might be
expected to be associated with lipid membranes.
Methods
Normal human urine specimens were obtained from healthy
normal males between 25 and 39 years of age who were not
taking medication.
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Fig. 1. Clotting times of dilutions of rabbit brain thromboplastin
(Sigma) were measured in quadruplicate and plotted on a log-log plot
(small closed circles, plotted as the mean 1 SD). Note that the
standard curve is linear between 20 and 300 sec. Urine specimens from
six normal individals were centrifuged at x50,000g for 2 hr. The pellet
was resuspended in 20% of the original volume in 0.15 M NaCI. The
clotting times of this material and a fivefold dilution of this material for
each sample is shown (mean of two measurements; stars, squares,
circles). Note that the dilution lines for urine PCA parallel the
thromboplastin standard curve, The arbitrary system of "units" used to
compare values is illustrated below the horizontal axis.
Centrifugation studies
Fresh urine specimens collected directly into 50-mi plastic
centrifuge tubes were centrifuged at xSOOg for 10 mm in a
centrifuge (Beckman, model TJ-6) to remove any easily
sedimentable material. The specimens were then subjected to
further centrifugation either at x 100,000g for 1 hr (Beckman
model LS-65b centrifuge) or at x50,000g for 2 hr (Beckman
model JL-21 centrifuge). The pelleted material was resuspended
in 0.15 M NaC1 for further analysis.
Procoagulant assay
Pooled normal human plasma (0.38% sodium citrate added
as anticoagulant) was stored at —70°C. The sample to be
assayed (100 p1), plasma (100 p1), and 25 mM CaC12 (100 p1)
prewarmed to 37°C were added into a fibrometer cup. The time
taken for a fibrin strand to form was measured with a fibrometer
(BBL Fibrometer, VWR Scientific, San Francisco, California,
591
Kidney International, Vol. 29 (1986), pp. 591—597
1000
5)
a)
E
0)
0U
300
100
30
0.001 0.01 0.1
Dilution factor
10010
I
1000
UNITS
Cl
' 
-
 
p 
I 
"
.
' 
-
I 
•
' 
-
,
 
ca
 
"
; "
-
7'
 
k?
h 
Sc
 
'V
 2
-: 
-
 
•
'•
-
°
 
a
 
.
ø
,k
ç;
/ 
•
A)
 
5_
''_
_—
_ 
/ 
z 
a
' 
'%
—
. 
-
 
C 
,
! 
•
•
_
3'
 
-
 
•
'( ?
\S
 
! :"
 
3e
i 
•
 
•
>
'\ 
/. 
& 
I 
,
c!
JG
'-s
 r.
 \ 
,
-
r—
'; (
 
2 
/ 
T 
PY
v' 
'•
 
•
-
4.
 
I 
St
y c 
-
 
—
 
I 
X-
 
S 
,
_
*
o
 
4'
 
&t
;c
 
592 Wiggins et al
Table 1. Centrifugation of urine x lOO,000g
Undialyzed urine Dialyzed urine
Dialyzed urine
PCA units
PercentClotting times, sec Clotting times, sec
Sample SM Supernatant Pellet SM Supernatant Pellet Supernatant Pellet in pellet
1 208 >630 170 184 292 140 2.9 27 89.3
2 316 >400 81 91 194 72 10.0 200 95.0
3 >350 >600 182 129 265 109 4.0 57 93.0
Abbreviations: SM, starting material; Supernatant, )< 100,000g supernatant; Pellet, x l00,000g pellet resuspended in the original volume.
Fig. 2. Transmission electron micrograph of structures centrifuged out
of normal human urine at x100,000g, The bar represents 1 jun.
USA). Each sample was measured in duplicate. A standard
curve for each assay was constructed using dilutions of rabbit
brain thromboplastin (Sigma Chemical Co., St. Louis, Mis-
souri, USA) and plotting clotting time against the dilution of
thromboplastin on a log-log plot (Fig. 1). The curve is linear
between 20 and 300 sec and is parallel to a curve generated by
diluting human urine PCA (Fig. 1). "Units" were calculated
from the standard curve similar to that shown in Figure 1 by
arbitrarily assigning a 1000-fold dilution of thromboplastin with
a clotting time of 300 sec creating a score of 1 U.
Filter experiments
The sample to be analyzed was drawn into a 3-ml plastic
syringe. One or two milliliters of the contents were pushed
through a 13-mm diameter 0.2 jim filter (Millipore mixed ester
filter, Millipore Corp., Bedford, Massachusetts, USA) in a
plastic holder (Millipore Corp.). The filtrate was collected for
assay of PCA. The filter was then washed by pushing through 3
ml of 0.15 M NaC1. For scanning electron microscopic studies
2% glutaraldehyde in 0.1 Ni cacodylate buffer was pushed
through the filter to fix the sample (see below). For electropho-
retic studies the filter holder was disassembled. The 0.2 jim
filter was removed and the surface material washed off with 100
pA 10% SDS containing 8 M urea into a 1.5 ml plastic tube. This
material was used for further analysis as outlined below.
Fig. 3. Transmission electron micrographs of structures in the
xJOO,000g pellet of normal human urine. The bar represents 0.1 jim in
A to D.
SDS-Polyacrylamide gel electrophoresis (SDS-PAGE)
Samples were analyzed by the SDS-PAGE using the agarose
drop technique [6]. One microliter of the sample to be analyzed
in 10% SDS/8 M urea was mixed with agarose (2 jrl) containing
bromophenol blue. The solidified material (agarose drop) was
placed on the top of a 0.5-mm thick stacking gel with a Laemmli
buffer system [7]. The separating gel (6 x 4cm) was constructed
of layers of different concentrations of acrylamide (18, 15, 12
and 6%) so that the molecular weight range 9,000 to 900,000
could be visualized on the same gel. Following electrophoresis
the gel was removed and either cut for blotting studies (see
below) or fixed in 50% methanol, 12% acetic acid prior to silver
staining [8].
Western blotting
Proteins were blotted onto nitrocellulose paper by electro-
phoretic transfer (Bio-Rad Transblotting Cell, Bio-Rad Labora-
tories, Richmond, California, USA). The buffer was 25 mivi
Tris, 192 mrts glycine, 20% v/v methanol at pH 8.3. The proteins
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Table 2. Filtration of dialyzed urine through a 0.2 sm filter
Sample
Clotting t
Prefilter
ime, sec
Postfilter
PCA "
Prefilter
unit"
Postfilter
Percent
in filtrate
1 65.2 175.3 270 14.0 5.2
2 99.2 395.5 74 1.2 1.6
3 122.0 385.6 40 1.3 3.3
were transferred for 2 hr at 100 volts in a refrigerated recircu-
lating water bath.
Detection system for protein on nitrocellulose blot
The nitrocellulose paper was soaked in phosphate-buffered
saline (PBS) containing 10% goat serum and 3% bovine serum
albumin (Sigma Chemical Co., St. Louis, Missouri, USA)
overnight on a rotating mixer. The blot was then incubated for
1 hr with goat antiuromucoid serum (Cappel Laboratories,
Division of Cooper Biomedica Inc., Malvern, Pennsylvania,
USA) diluted 1/200 (2 ml volume). Excess antibody was re-
moved by repeated rinsing with PBS. The blot was then
incubated with peroxidase-conjugated antigoat IgG (1/200 dilu-
tion in the Protein-BSA buffer) for 30 mm at 25° (Cappel
Laboratories, Westchester, Pennsylvania, USA). Following
extensive washing with PBS, the nitrocellulose blot was devel-
oped in a hood with 55'-diaminobenzidine (0.2 g/ml) in 0.1 M
Tris pH 7.4 containing 0.02% H202. The reaction was stopped
by washing out the reactants with deionized water.
Transmission electron microscopy
Urine specimens from four normal males were collected in
50-mi sterile plastic tubes. Following initial x500g centrifuga-
tion for 10 mm (see above), the specimens were centrifuged for
2 hr at x48,000g on a centrifuge (Beckman model J2-21). The
pellets were resuspended in sterile saline. The resuspended
pellets were then recentrifuged at x 10,000g in another centri-
fuge (Savant Instruments Inc., Model HSC-1OK-1 15,
Hicksville, New York, USA) for 20 mm. The pellet was fixed
for 1 hr with 2% glutaraldehyde in 0.05 M cacodylate buffer pH
7.4. The pellet was then washed twice with 0.1 M cacodylate
buffer, postfixed with 2% 0s04 in 0.1 M cacodylate buffer pH
7.4 at 4°C for 1 hr, rewashed, and dehydrated in graded
alcohols. The pellet was then placed in propylene oxide and
infiltrated and embedded in Epon resin. Thin sections were cut
and stained with uranyl acetate and lead citrate and viewed on
an electron microscope (Phillips 400 T).
Scanning electron microscopy (SEM)
Urine was pushed through a 13-mm diameter 0.2 pm filter
(Millipore). The filter was then washed by pushing saline (5 ml)
through the filter. Ten milliliters of glutaraldehyde fixative at
room temperature (2.0% glutaraldehyde, EM grade purchased
from Polysciences, Inc., Warrington, Pennsylvania, USA, in
0.1 M sodium cacodylate buffer containing 7.5% sucrose at pH
7.2) was slowly pushed through the filter for approximately 30
mm. The filter was removed from its filter holder and quickly
placed in the bottom of a 50-mm diameter plastic culture plate
containing about 10 ml of 20% ethanol at room temperature.
The membrane was held in 20% ethanol for 10 to 15 mm after
which time the 20% ethanol was removed and replaced with
30% ethanol and held another 10 to 15 mm. The filter was
incubated in increasing concentrations of ethanol (40, 50, 60,
70, 75, 80, 90, 95, and 100%) in the manner described above.
The filters were then placed into a special specimen holder
(while continuously kept wet with 100% ethanol) and loaded
into a critical point drying apparatus (Model E 3000, Polaron
Instruments, Hatfield, Pennsylvania, USA) containing 100%
ethanol. The apparatus was sealed and pressurized with liquid
carbon dioxide from a siphon tank. The temperature of the
contents of the critical point dryer was lowered to 10 to 15°C by
circulating chilled water through the instrument's water jacket.
The ethanol was slowly drained out of the pressure chamber
and replaced with liquid CO2. Fresh liquid CO2 was flushed
through the critical point dryer at intervals of 15 mm on three
separate occasions to ensure complete removal of all ethanol.
Upon completion of the ethanol removal, the temperature of the
CO2 was raised to about 38°C while the pressure was held at
about 1250 psi. The pressure was slowly brought to atmosphere
(no greater than 100 psi mm drop). The filters were removed
from the critical point dryer, mounted on SEM mounts, sputter-
coated (Model E5100, Polaron Instruments) with 10 to 12 nm of
gold/palladium, and viewed in the SEM (Model DS-130, Inter-
national Scientific Instruments, Inc., Milpitas, California,
USA). All SEM samples were stored in a sealed container
holding dry molecular sieve beads with indicator to prevent
rehydration of specimens.
Purification of Tamm-Horsfall protein from urine
Tamm-Horsfall protein (THP) was purified from normal
human urine (2 liters) by a modification of the original method
of Tamm and Horsfall [9]. Tamm-Horsfall protein was precip-
itated from urine specimens by the addition of 0.58 M NaCl to
urine which was left to stand overnight at 4°C. The precipitate
was centrifuged out at x l000g for 30 mm. The precipitated
material was redissolved in water and dialyzed against water
with three changes of dialysis fluid. The dialyzed material was
reprecipitated with 0.58 M NaC1 as described above. The
precipitate was then dissolved in water containing 1% Triton
X-100 at 25°C to solubiize any lipid membrane. The Tamm-
Horsfall protein was again precipitated out by addition of 0.58 M
NaCI. The precipitate was washed twice by resuspending in
0.58 M NaCl and recentrifugation at x50,000g for 20 mm. The
precipitate was then dissolved in water and dialyzed against
water containing 0.02% azide for 72 hr with three changes of
dialysis fluid at 4°C. The protein concentration of this material
was adjusted to 1 mg/ml. Fifty milligrams of protein were
recovered. Analysis of this material by SDS-PAGE (9%) in the
presence and absence of reducing agent and stained with
Coomassie Brilliant Blue R250 (Bio-Rad Laboratories, Rich-
mond, California, USA) revealed a single protein band with an
apparent molecular weight of 80,000 daltons.
Results
Centrifugation of normal human urine
Normal human urine contains procoagulant activity which is
detectable following dialysis for 4 hr against 0.15 M NaCl to
remove low molecular weight inhibitors of the coagulation
assay (Table 1). Ultracentrifugation of urine at x 100,000g for 1
hr resulted in about 90% of the procoagulant activity sediment-
594 Wiggins et al
Urine Filter surface
ing to the bottom of the tube (Table 1). Data from individuals
are provided to emphasize that the total amount of PCA varies
from individual to individual and also from day to day. How-
ever, the amount which is pelleted at X lOO,000g is reproducibly
about 90%.
Analysis of the sedimented material by transmission electron
microscopy revealed membranes and membrane-bound vesi-
des varying between 0.1 and 1.2 jim in diameter in addition to
other aggregated material (Figs. 2 and 3). Some membrane-
bound vesicles contained numerous inner membranes in an
onion skin-like arrangement. Other vesicles contained electron-
dense material. Aggregates of fibrous structures were also seen.
Similar findings were present in urine of four normal adult men.
These findings suggest that the urine PCA was associated with
one or more of the structures present in the urine pellet as a
result of x100,000g.
Filtration of normal human urine
To determine the approximate size of the particulate material
associated with PCA, dialyzed human urine was passed through
a 0.2-jim mixed ester filter (Millipore Corp.). This resulted in
removal of about 95% of procoagulant activity from the filtrate
(Table 2), indicating that the procoagulant material was largely
prevented from passing through the 0.2-pm filter. Similar re-
sults were obtained using 0.2 jim filters (Gellman Sciences,
Inc., Ann Arbor, Michigan, USA) where PCA in the filtrate of
HT-200, Versapor-200, and Metricel TCM-200 filters were 12.4,
9.4 and 5.4% of the initial values, respectively (mean of
duplicate measurements).
Fig. 4. Scanning electron micrographs of 0.22
jim filters (Millipore) under control conditions
(right side) and after normal urine had been
pushed through the filter (left side). The filter
surface is covered with two types of
structures from urine: fiber-like material, and
particles (arrows in upper left micrograph).
The white bar at the base of the
photomicrographs represents 5.1 pm for the
upper two micrographs and 217 nm for the
lower two micrographs. The corresponding
magnifications are 1,900 for the upper and
46,000 for the lower micrographs,
Scanning electron microscopy of the surface of the filter
(Millipore Corp.) following filtration of urine revealed two types
of structures (Fig. 4). There was a dense fiber-like material
whose fibers were approximately 10 nm in diameter, which
appeared to branch at irregular intervals of about 100 to 500 ns'c.
The fibers were up to 1000 nm long. The second type of
structure seen was spherical objects 0.2 to 1.1 j.tm in diameter
and numerous. Further studies were done to determine which
of these two structures was associated with the procoagulant
activity.
Identification of fiber-like material
The most likely substance in urine to appear as fiber-like
structures is Tamm-Horsfall protein. Therefore, following fil-
tration of normal urine on a 0.2 jim filter (Millipore Corp.), the
filter was removed and the surface material washed off with
10% SDS containing 8 M urea. Subsequent analysis of the filter
surface by SEM revealed no detectable remaining structure
(data not shown). Analysis of the filter surface washings by
SDS-polyacrylamide gel electrophoresis under nonreducing
conditions and staining for protein by a silver stain revealed a
single protein band at about 80,000 daltons (Fig. 5, Sample A,
lane 5). A western blot of the gel onto nitrocellulose paper
subsequently stained with polyclonal goat antiuromucoid serum
and developed with peroxidase-labelled rabbit antigoat IgG and
a peroxidase substrate (DAB) revealed a single peroxidase
staining band at about 80,000 daltons (Fig. 5, Sample A, lane B).
These results are consistent with the conclusion that the fiber-
like material on the filter surface was uromucoid (Tamm-
Horsfall protein).
p 
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Fig. 5. Three samples (A, B, and C) analyzed by SDS polyacrylamide
gel electrophoresis. In each case the left hand lane of each pair labelled
S is the silver stain for protein. In each case the right hand lane of each
pair is the antiuromucoid blot (B). Sample A is the SDS/urea washing
from a 0.22 m filter (Millipore) surface as shown in Figure 3. Sample
B is the pH 3 precipitate of normal urine. Sample C is normal human
plasma showing that the antiuromucoid blot shows a faint nonspecific
band in the 200,000 molecular weight region (which is IgG) but no
nonspecific cross reactivity at the albumin region (60,000 molecular
weight). Note that the major protein band stained from the filter surface
and the pH 3 precipitate has an apparent molecular weight of about
80,000 and is recognized by antiuromucoid serum,
Separation of uromucoid from procoagulant activity
This was achieved in two ways (see below) by making use of
the known physicochemical characteristics of Tamm-Horsfall
protein [9, 10].
pH3 separation. The pH of normal human urine was changed
to 3 by the addition of 1 M hydrochloric acid. The urine was left
overnight at +4°C by which time a precipitate had formed
which was pelleted by centrifugation at x500g for 10 mm. The
supernatant dialyzed against 0.9% saline for 4 hr contained the
procoagulant activity (clotting time 124 sec), whereas the pellet
redissolved in phosphate-buffered saline did not contain detect-
able PCA (clotting time more than 400 see). Both these prepa-
rations were pushed through a 0.2-tm filter (Millipore Corp.)
and viewed by SEM. The 0.2 to 1.1 m spherical structures (but
no fiber-like material) were present on the filter surface from the
supernatant whereas the fiber-like material was present on the
filter surface from the redissolved pellet (data not shown). In
Figure 5, Sample B shows the SDS-PAGE silver stain (S) and
antiuromucoid blot (B) of the pH 3 pelleted material confirming
the presence of Tamm-Horsfall protein. The results are consist-
ent with the conclusion that the PCA was associated with the
spherical bodies and not Tamm-Horsfall protein.
pH 5 separation. Normal urine specimens were dialyzed
against 300 m dextrose in water for 18 hr at 4°C to remove
ions. The pH of the dialyzed urine was brought to 5 by the
addition of HC1. The specimens were centrifuged at x50,000g
for 3 hr at 20°C. The pellet was resuspended in 0.15 M NaC1.
200 Both pellet material and supernatant were assayed for PCA.The PCA was present in the pellet (clotting time 135 see) while
92 less than 5% of PCA was present in the supernatant (clotting
time 452 see). Both the resuspended pellet material and the
67
supernatant were pushed through 0.2 tm filters. SEM analysis
of the filter surfaces is shown in Figure 6. The fiber-like
45 structures were in the pH 5 supernatant material but not in thepellet, while the 0.2 to 0.9 m particles were present in the
31 pellet while few were seen from the supernatant. SDS-PAGE
and blotting of the supernatant material (S) and the pellet
21 material (P) purified as above are shown in Figure 7. The major
proteins in the pellet material (P) on silver stain were at
approximately 160,000 and 900,000 molecular weight and gave
no cross reaction with antiuromucoid serum on the blot (P). In
contrast the major band stained with silver for protein was in
Mr < 10 the supernatant (S) at 80,000 molecular weight and corre-
sponded to a similar band on the antiuromucoid blot (S). These
findings at different pHs are compatible with the known char-
acteristics of uromucoid which precipitates at pH 3 but not at
pH 5 when in the absence of positively charged ions. Therefore,
by using centrifugation to separate subcellular particles from
Tamm-Horsfall protein, evidence is provided for the concept
that PCA was associated with subcellular particles rather than
Tamm-Horsfall protein. One further experiment was performed
to confirm this.
Determination of procoagulant activity of pur(fied
Tamm-Horsfall protein
Because Tamm-Horsfall protein forms a negatively charged
polymer, it might be expected to activate the Hageman factor
system and therefore to be procoagulant. To exclude this
possibility, Tamm-Horsfall protein was purified from normal
human urine by 0.58 M NaCl precipitation as has been previ-
ously described [9, 10]. An additional Triton X-100 step was
added to solubilize any cellular elements associated with the
Tamm-Horsfall protein. The Tamm-Horsfall protein purified by
this method had no detectable PCA (clotting time greater than
600 see) when tested at a concentration of 1 mg/ml with
recalcified normal human plasma in the presence of cephalin
(Sigma Chemical Co.) to provide a phospholipid surface for the
interaction of vitamin K-dependent proteins with Ca Kaolin
(10 mg/mI), a negatively charged substance known to activate
the Hageman factor system, was used as a positive control
(clotting time, 135 see). Furthermore, adding Tamm-Horsfall
protein to rabbit brain thromboplastin (TP) did not prolong the
clotting time [control TP clotting time = 65.3 see, TP + THP (1
mg/ml) = 63.8 see]. Therefore, the failure of Tamm-Horsfall
protein to induce clotting cannot be attributed to persistence of
Triton X-100 in the preparation. (The presence of this detergent
would have dissolved the phospholipid required for vitamin
K-dependent protein function.) We can therefore conclude that
Tamm-Horsfall protein itself is not procoagulant.
Discussion
This report deals with the physical form in which
procoagulant activity is present in normal human urine. From
centrifugation and filtration studies we have determined that
more than 90% of the PCA is associated with structures bigger
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Supernatant Pellet
Fig. 6. Scanning electron micrographs of the pH 5 X5O,000g supernatant (left hand side) and the x50,000g pellet material (right hand side). The
upper panels show approximately x 6,000 magnification with the white bar representing 1.6 /.tm. The lower panels show approximately 61,000
magnification with the white bar at the base of the micrograph representing 163 cm. Note that the fiber-like material is in the supernatant while
the particles are in the pellet. The surface characteristics of the particles are variable. For comparison with the underlying filter surface, see Figure
3.
than 0.2 tm. Ultrastructural studies of the filter surfaces and
the pelleted material containing PCA showed only two major
types of structures. These were fibers about 10-nm wide and up
to 1000 nm long and spherical structures 0.1 to 1.1 nm in
diameter. The spherical structures were shown by TEM to be
bilaminate lipid membrane vesicles. The fibers were shown by
Western blotting to be Tamm-Horsfall glycoprotein. This result
in compatible with previous studies of Tamm-Horsfall glyco-
protein (Uromucoid) by other methods which have suggested
polymeric linear structures of several million molecular weight
consisting of noneovalently linked 80,000 molecular weight
subunits which depolymerize in the presence of SDS [11—181.
Further experiments were performed to determine whether
the PCA was related to Tamm-Horsfall protein or to the lipid
membrane bodies. Tamm-Horsfall protein was separated from
the particles by making use of the previously described
physicochemical characteristics of the Tamm-Horsfall protein
which is known to aggregate at pH 3 in the presence of ions
while removal of positively charges ions prevents aggregation
[9, 10, 17]. The two structures were separated by two different
methods. In each case the PCA was associated with the
membrane vesicles. In addition, when Tamm-Horsfall protein
was purified to homogeneity from normal human urine, it was
shown to contain no procoagulant activity. We can therefore
conclude that PCA was definitely not due to Tamm-Horsfall
protein but is likely to be associated with the subcellular
particles. This finding is predictable based on the fact that urine
PCA is known to be tissue factor-like [1—31 and therefore is
probably a lipid membrane-associated protein.
The question of whether the structures visualized by TEM or
SEM could be artilactual due to fixation procedures remains.
The TEM material might have been modified by centrifugation or
fixation by glutaraldehyde or by osmium tetroxide. Similarly, the
structure of the particles visualized by SEM could have been
modified by glutaraldehyde fixation. Nevertheless, it is clear that
PCA was attached to particulate material which appeared to
consist of lipid bilayers in various arrangements. Although the
structure of the lipid material might have been modified by
processing, it seems likely that the structures seen by electron
microscopy are close to the real structures excreted in urine.
The results of these studies therefore confirm that normal
urine contains Tamm-Horsfall protein present in very large
fiber-like arrangements which can be visualized when urine is
concentrated on a filter surface. In addition normal urine
contains lipid membrane-bound bodies between 0.1 and 1.1 rm
in diameter (mostly 0.5 zm in diameter). These spherical bodies
are associated with procoagulant activity that is probably due to
tissue factor present as an apoprotein in the surface lipid
membrane. This result is compatible with previous reports of
urine PCA appearing in the void volume of a Sepharose 4B
column although this result is not compatible with the previous
conclusion from this finding, namely that the 151,000 molecular
Procoagulant activity and subcellular particles 597
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Fig. 7. Comparison of the pH 5 xSO,000g supernatant and pellet by
SDS-polyacrylamide gel electrophoresis and Western blotting. The
silver stain for protein shows bands at 160,000 and 900,000 molecular
weight from the pellet (P) and at 80,000 molecular weight from the
supernatant (S), Western blotting with antiuromucoid serum shows no
band from the pellet material (P) in contrast to an 80,000 molecular
weight band from the supernatant material (S).
weight material was present as macroaggregate [2—31. It is
unlikely that the protein bands visualized at 160,000 and 900,000
molecular weight by SDS-PAGE analysis of the particles are
directly related to the PCA measured. However, the possibility
remains that the 151,000 molecular weight protein previously
reported to be urinary tissue factor might be the same as the
160,000 molecular weight protein visualized in this study. The
antiserum reported to have been raised against this molecule
recognized cells in the 1oop of Henle and distal convoluted
tubule [4]. Therefore, subcellular particles might arise from
these regions of the nephron. At least some of this material
could be cell debris produced by sloughing of cells from the
urinary tract possibly similar to the much smaller (approxi-
mately 2 nm) elements previously reported in the urine of
individuals taking nephrotoxic drugs [19]. On the other hand,
glycoproteins and mucopolysaccharides are apparently re-
leased from cells of various species in vesicles 0.5 to 2 jm in
diameter [20]. Therefore, the possibility remains that some of
the subcellulai- particles might represent some physiological
process. Whether all or only a population of these subcellular
elements carries the procoagulant activity is unknown. Charac-
terizing these particles by their antigenic, enzymatic, physical,
structural or other features and relating them to their cells of
origin might be useful for determining sites of injury within the
renal tract. We propose the term "urosome" as a general term
to describe these anucleate subcellular structures.
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